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RESEARCH MEMORANDUM

STATTC STABILITY AND CONTROIL CHARACTERTSTICS OF A
TRIANGULAR WING AND CANARD CONFIGURATION
AT MACH NUMBERS FROM 2.58 TO 3.53

By C. Ernest Hedstrom, James R. Blacksby,
and Victor L. Peterson

SUMMARY

Results of an investigation of the static longitudinal stabllity
and. control characterlstics of a canard slirplane confligurstion asre pre-
sented without analysis for the Mach number range of 2.58 to 3.53. The
configuration consisted of g trianguler wing and a triangular canard,
both of aspect ratio 2.0, & low-aspechb-ratio vertical tail, and a fine-
ness ratlo 12.5 Sears-Haack body. The hinge line of the ca.n.a.rd was in
the extended wing chord plane, 1.21 wing mean aerodynemic chords shesd
of the reference center of moments. The ratio of the area of the exposed
canard panels to the total area of the wing was 6.9 percent. Dsta are
presented for various combinations of the body, canard, wing, and verti~
cal 'ba.il at 0° and 5° sideslip for an a.ngle—of-attack range of -10°
to +l5 The canard deflection angles renged from 0° to +20°.

INTRODUCTION

The possible gsins to be realized at supersonic speeds in the form
of reduced trim drag and Increased maneuverability by the use of canards
rather than conventional tsil-aft controls have resulted in increased
interest in these arrangements. Therefore, an extensive research program
aimed at determining the static longlitudinsl and directional character-
istics of a number of canard configurgtions has been undertsken by the
NACA,

As a part of the program, tests were conducted on a canard confilgura-
tion to determine 1ts static stablility and control characteristics in the
Mach number range of 2.58 to 3.53. The configuration consisted of a tri-
engular wing end triangular cansard, both of aspect ratic 2.0, a Sears-
Haack body of fineness ratiogla 5, anc':‘. 8 low-asp

ct-ra.tio ver‘blca.l tail.
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This report presents wlthout analysis the aerodynamlce characteristics of
the complete configuration and 1ts component parts. The static stability
and contrel characterlstics of this and similar configurations in the Mach
number range of 0.70 to 2.22 are given in references 1, 2, 3, and L,

NOTATION

a.c. aerodynamic center determined at Cj = O, percent &

b wing span, £t

¢ mean aerodynamic chord of wing, £t
Ca meen aerodynamic chord of canard, £t
Ce canaxrd root chord, £t

Cp drag coefficient, E§§§

GDO drag coefficient at zero 11ft

cr, 11t coefficient, %

CLm lift-curve slope taken through zerc angle of attack, per deg

rolling moment

Cy rolling-moment coefficient, 35D
Czs rolling-moment coefficlient about stabillty axis, Cj cos a + Cn sin o
Cn pltching-moment coefficlent, pitchizgamoment’ referred toc the
projection of the 0.21 & point on the fuselage reference line
yawing moment
Cn yawing-moment coefficient, y referred to the projection

asb
of the 0.2l ¢ point on the fuselsge reference line

cns yawing-moment coefficlent about stabllity axis, Cn cos o - C; s8in o

Cy slde-force coefficient, sideq;orce
ACqg g
difference between rolling-moment coefficients about stablllity axis
B at 5° and 0° sideslip divided by 5%, per deg
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ACn
B

2y

B
Che
Cze
®)

D

max

M

Q

Se

difference between ya.wing;momént coefficients gbout stability
axis at 5° snd 0° sideslip divided by 5°, per deg

d.ifferén&e between side-force coefficients at 5° and 0° side-
slip divided by 5°, per deg

canard hinge moment

Q.Sc(cc/ 2)
to the projection of the 0.35 €: point on the fuselage
reference line

canard hinge-moment coefficient, , referred

cansrd normal force
gs

forece coefficient normel to the canard,

maximm lift-drag ratio

free-stream Mach number
free-stream dynamlc pressure, 1b/sq £t

wlng ares, formed by extending the leading and trailing edges
to the plane of symmetry, sq £t

exposed cenard area, sq £t
angle of sttack of wing root chord, deg

sldeslip angle measured between the relative wind and vertical
plane of symmetry, deg

angle of deflection of the canard with respect to the extended
wing chord plesne, positive when trailing edge is down, deg

Configurations are denoted by the following letters used in combingtion:

B

c
v
W

body

cangrd

vertlcal tall

wing
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APPARATUS AND MODEL

Test Fecility

The experlmental data were obtalned in the 8- by 7-foot supersonic
test sectlon of the Ames Unitary Plan Wind Tunnel. This wind tunnel is
capable of contlnuous variation of nominal Mach number from 2.5 to 3.5
and of stagnation pressure from 2 to 28 pounds per square inch absolute,
A more detalled description of the wind tunnel may be found in refer-
ence 5. o : Sl H8

Description of Model and Balsnces

The sting-mounted model (figs. 1(a) and (b)) consisted of an aspect
ratlio 2.0 triangular wing, an aspect ratio 2.0 all-movable triangular
canard, and a low-aspect-ratlic vertlical tall all mounted on a fineness
ratlio 12.5 Bears-Haack body. A dimensional sketch of the conflguration
is shown in figure 1(c). The wing and vertical tall had NACA 0003-63
sectlons streamwlise snd the constant thickness canard, detalled in fig-
ure 1(d), had beveled leading and tralling edges. The canard, which was
pivoted about the 0.35 canard megn aerodynamic chord, was mounted in the
extended wing chord plene 1.21 wing mean aercdynamic chordes shesd of
the reference center of moments (0.2l €), The exposed area of the canard
panels was 6.9 percent of the total area of the wing, while the total
ares was 12.9 percent of the totasl area of the wing. The wing, canard,
and vertical tall were of solld steel construction to minimize aerocelastic
effects. The surfaces were polished to give & smooth surface and were
further treated to prevent corrosion. ' '

The fuselage was cut off as shown in flgure 1(c) to accommodate the
sting and the six-component strein-gage balence which megsured forces
and moments on the entire confiliguration. Canard normal forces and hinge
moments were obtalned from a two-component strain-gage balance mounted
in the nose of the fuselage. The ceanard, wing, and verticsl tall were
removable, enabling data to be teken which would pexrmit an evaluation of
the effect af each of these components on the stgbility of the model.

TEST AND PROCEDURES
Range of Test Variables
The tests were conducted at Mach numbers of 2.58, 3.06, and 3.53
with a constant Reynolds number of 2.5 million per foot. Data were

obtained for the body alone end for varlous combinations of the body and
i
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the wing, canard, and vertilcal tail.. The majority of the tests were

mede with the model at a constant a.ngle of sideslip of 0° or 5° end with
cansrd deflections from 0° to 20° while angle of attack was varled

from -10° to +15°. In ad&ltion, tests of the complete model with &
canard deflection of O° were made at each of the test Mach numbers with
angle of attack constant a.t appro:d_ma:bely 0° and 10° while sideslip

angle was varied from -2°9 to +lO Table T is a summary of the confligurs-~
tions investigated.

Reduction of Data

The data presented herein have been reduced to standasrd NACA coeffl-
cient form. The pitching-moment coefficlents were referred to the
0.21 point of the wing mean aerodynemic chord. This location was the
sanme as that chosen in reference 1. The canard hinge moments were com-
puted agbout & hinge 1ine located at the 0.35 polnt of the cenard mean
aerodynamic chord. Transition was not fixed in the present tests becsasuse
the large wire size required at the highest Mach number would have had
excessgive drag. Factors which affect the accuracy of the results are
discussed in the following paragraphs.

Stream angle varigtions.-~ Surveys of the gtream characteristics for
the 8~ by [-foot supersomic test section of the Ames Unitary Plan Wind
Tunnel showed that some stream curvature exlsted in both the pitch and
sidesglip planes. For the pitch plane a stream angle, which was less
than 0.21° throughout the Mach number range, was found to exist in the
vieinity of the model. TIn the sldeslip plane the stream angle was less
than 0.07°. The date presented herein have been corrected far these
stream angles.

Buoyancy corrections.- The stabic-pressure variations in the test
section of the wind tunnel were also determined during the stream survey.
The longitudinsl-buoysncy corrections to the drag of this model due to
the static-pressure varlations have been included in g1l the drag data
presented, For the complete model, these corrections amounted to less
than 1.3 percent of the total drag.

Support interference.- The effects of model support interference. on
the aerodynamic characteristics were considered to consisgt primariiy of
a change in the pressure at the base of the model. However, the drag
data presented herein contain no base drag component since the base
pressure was measured and the dreg was adjusted to correspond to a hase
pressure equal to the free-stresm static pressure.
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RESULTS

The results are presented in this report without analysis in order
to expedite publication. Table I, which includes model configurations
and test variables, serves as an index to tables II through VI in which
all of the experimental dats are tabulated. Selected portions of the
data are presented in figures 2 through 7.

Figure 2 shows the 1lift, drag, and pitching-moment characteristics
with the cansrd on and deflected, and with the canerd off, for the three
test Mach numbere, Veriation of canard normsl-force snd hinge-moment
coefficients as a function of angle of attack at constant canard deflec-
tion angles are presented in figure 3. Summarized in figure 4 sre the
maximm lift~drag ratios, lift-curve slopes, minimum dreg coefficlents,
and gerodynamic centers as s function of Mach number with the canard at
zero deflection and with the canard off. In Figure L4 the curves shown
in the Mach number range of 0.70 through 2.22 were cbtalned fram
reference 1.

Figure 5 shows the effect of confliguration chenges on the lateral
and directional characteristics (rolling-moment, side-force, and yawing-
moment coefficlents) as a functlon of angle of attack at constant side-
slip engles. The effects of cansrd deflection on the lateral and
directional charascteristics are presented in figure 6 as s function of
angle of attack at constant angies of sideslip. Summarized 1n figure T
are ACy /B, ACy/B, awd ACy_/B as functions of Mach number at constant
angles of attack of O° and- J0° with the cenard on at zero deflectlon and
with the canard off.

Ames Aeronsutical Laboratory,
Nationael Advisory Cammittee for Aercmautics
Moffett Field, Calif., Mer. 5, 1958
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INVESTIGATED AND INDEX TO TABULATED DATA

5 B Tebulated date

Configuration deé deé table no. ’

BVWC 0 0 and 5 II(a), III(a)

BVWC 2.6 0 II(b)

BVWC k.6 0 II(e)

BVWC 10.0 | O and 5 1I1(a), III(Db)

BVWC 19.4 | 0 and 5 Ti(e), III(c)

BVWC o} variable | IV(a), IV(b)

BVW 0 0 and 5 II(f), III(d)

BWC 0 0 and 5 II(g), ITI{e)

BWC 10.0 5 ITI( £}

BWC 19.9 0 III(g)

BW 0 0 and 5 II(h), ITI(h)}

BVC 0 0 end 5 v€ag, vi{a)

BVC 2.5 o) V(b

BVC 4.8 0 v(cg

BVC 10.2 | 0 and 5 v(a), vi(p)

BVC 20.0 | O and 5 v(e), vi(c)

BV o) 0 and 5 v(f), vI(a)

BC 0 O 8nd 5 V(g;, vi(e)

BC 10.0 | O and 5 v(h), VI(F)

BC 20.0 [0 and 5 | V(1), VI(g)

B 0 0 v(J3)




2B

NACA RM ASB8COS

(a) BVWC, B = O°

TABLE IL.- AERODYNAMCC CHARACTERISTICS OF WING-ON CONFIGUBATIONS AT B = 0°
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B = 0° - Continued

() BYWC, & = 2.6°

TABLE II.- AERODYNAMIC CHARACTERTSTTCS OF WING-ON CONFIGURATIONS AT

NACA RM A58C05
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B = 0° - Continued

(e) BVWC, & = 4.6°

TABLE IT.- AERODYNAMIC CHARACTERTSTTCS OF WING-ON CONFIGURATTONS AT
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B = 0° - Continued

(e) BYWC, B = 19.4°
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TABLE TT,- AERODYNAMIC CHARACTERISTICS OF WING-CON CONFIGURATIONS AT f = 0° - Continued
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B = 0° - Continued
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TABLE II.~ AERCDYNAMIC CHARACTERISTICS OF WING-ON CONFIGURATIONS AT B
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(9.) BVWC, 8 = OO

TABLE IIT,- AERODYNAMIC CHARACTERISTICS OF WING-ON CONFIGURATIONS AT B ® 5°
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B s 5° - Continued

{c) BWWC, & = 19,4°

TABLE III,- AFRODYNAMIC CHARACTERTSTICS OF WING-ON CONFIGURATIONS AT
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(a) BvW

TABLE III.- AERODYNAMIC CHARACTERISTICS OF WING-ON CONFIGURATIONS AT B & 5° - Continued
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B # 5° - Continued

(e) BWC, 5 = Q°
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(£) BWC, 8 = 10,0°

TABIE ITI,- AERODYNAMTC CHARACTERISTICS CF WING-ON CONFIGURATIONS AT B = 5° - Continued

NACA RM AS8C05
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NACA RM A58C05

(=) BWC, 8 = 19,9°

TABLE ITI,- AERODYNAMIC CEARACTERISTICS OF WING-ON CONFIGURATIONS AT B = 5° - Continued
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TABLE IIT.- AFRODYNAMIC CHARACTERISTICS OF WING-ON CONFIGURATIONS AT B = 5° - Concluded

(h) BW

NACA RM A58C05
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(a) BVWC, a = O°, & = Q°

TASLE IV,- AERODYNAMIC CHARACTERISTICS OF WING-ON CONFIGURATION AT VARTIABIE B
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B = Concluded

- AERODYNAMIC CHARACTERISTICS OF WING-ON CORFIGURATION AT VARIABLE
(b) BVWC, @ = 10°, & = 0°

TABLE IV,
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NACA RM AS8COS

TABLE V,- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS AT B = O°
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a, deg
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TABLE V,- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS AT B = 0° - Continued

‘WACA RM ASBCCS

(G) BVC, 8 = 4.80
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0° - Continued

-

= 10,2°

(a) BVC, &

- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATTONS AT g

TARLE V.,

NACA RM A58C05
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B = 00 =~ Continued

(e) BVC, 8 = 20,0°

TABLE V.- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS AT
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TARLE, V, - AFRODYNAMIC CHARACTERTSTICS OF WING~OFF CONFIGURATIONS AT B = 0° - Conmtinued
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NACA RM A58C05

B = 0° - Continued

(g) BG, B = O°

- AFRODYNAMIC CHARACTERTISTICS OF WING-OFF CONFIGURATTIONE AT
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TARLE V.- AERODYNAMIC CHARACTERISTICS (OF WING-OFF CONFIGURATIONS AT B
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B = 0° - Continued

(1) BC, & = 20,0°

~ AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS AT
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(J) B

TABLE V,- AERODYNAMIC CHARACTERISTICS OF WING~OFF CONFIGURATIONS AT B = 0° - Concluded

NACA RM AS8C05
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(a) BVC, & = O°

- AERODYNAMIC CRARACTERISTICS OF WING-OFF CONFIGURATIONS AT B =z 5°

TARLE VI,
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10,2°

(b) BVC, B

TABLE VI,- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS AT B # 5° - Continued

NACA RM AS8C05

L/

‘L

B, deg

o, deg

AN VO OO
NMoyTone~-oOm
(SR pRavh Tl e WA Ve o
2QeQqag i

LI D R I TN BN N B |

NSO W RRWD
MUOANEOCNOITNW
COOHHMN MY <
acoqQQoqQcaqQ
1

AN WOI~OWOUN KON
-t~
[=NeRalolaloloNulele]
QaQQaQQaqe

1 O 080D AD |
OO Mmnwm ¢ oy
SO O0QOOOQOC0O
aaggeeaQaq
I ¢ 1 1L 01 11

OO D
< ¥ NN

QI OO Yo W W
A Q0 QN QQY
M HOC a2
11 [ I |

oD EtCon
oM~~~ ONNTNO
NOOvriRT O~
egreQaQQaqg

WIS O MWW
teE OO AN ORO
"ArHoOr AN
qQQaeqgqqg

TR AHO ARWNDICT
N ACSCHMIMINE O

.....

LR LT ey
A B B e e gy M Ty ]

N YN Qe
OQUNNC v~ M
- o vt
P ¢ r ot

©
n
o

O OOT A
N~ OWLOMT T
el 0w

- aQaQQQ Qv

UM~ RGBND
HINOANWOT A2
OO0 H-NQKMNe
oQaeqQoqQaqQqQ
]

YOO T T OO
MWW Ad
OO0OCOO0O00DOCQO
QQQQQaacQQ

T O TROYOM
10 WD o w0
QOO COoO0OoOO0o00
qQOaQooqooQ

1 ¥ F 1 1 0L v Tt

CAORROT CO
A AR AT AT ATt

M EpetOHONRM
QHM 0 Q YNNG
MO OCH MMM
L A I |

CONWOVOM MY
AU TH AN
HoOdmn ST~

aqaaggQqqq
| I |

QL =N OO -
OO NO®
AHdHoOoOdH@NOM
QeQ9gaqqQQq

UM ONONT O
medooMMmMnIEpOo
QagqQooqQQo-
| I S B |

Q0N QR Qo000
b T B T R A

%% Y M15'99QW
OWUWETNO -
-l i

wn
<
)

QNN NQYY

nNonNVE-oE-9T v
DARETIN o Rl ALVo i b o o
ArQnInVES-OoOMnY
QQoQQQQvry

HoRNOWNOOY
HoRuoadg™~0O
QOO HA- NN
aeQaQQgQqg
1

AN~~~ INDMNO
b Bl R K
CCQQQOOOO0
QqQaQQeqQQaqg

[=h N AR R o ¥ W 1o AR rs)
[To R i - - e N AT AT N8t
[eNeReBsNaoleoNololoRe
Qaqaaqqqaq

N~ OOIFWN NGO
Al a NS NNl A T Nt
agqgoogaqgagq
| S N N N DR DN D N B |

CMNVOWOrHGMNM™

D0QQoainY
Qe A O N
[ I I |

W O 0 el [~
YAQUVT NODSDOW
doodMMMN O~
QaqqQqaagaq

MG O MmN
O OO NOH®
Ard-iOrddamm
Qeg99ee9QQ

HAY O AN O
I - O SN "IN O
QegaaQqaQ -

COUNMNOHMN=-dmMm
ial : 1l
LR BN B B |

¥y
m
A




NACA RM AS8C05

(c) BVG, 8 = 20,0°

TABLE VI,- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS AT B # 0° - Continued
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TABLE VI.- AERODYNAMIC CHARACTERISTICE OF WING-OFF CONFIGURATIONS AT B & 5° - Continued
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{(e) BC, B3 = O°

TARLE VI,- AFRODYNAMIC CHARACTERISTICS OF WING-CFF CONFIGURATIONS AT B » 59 - Continued
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(g) BC, 8 = 20,0°

TABLE VI,~ AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATTONS AT B = 5° - Coneluded
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(v) Three-quarter rear view of model.

Figure 1.- Model details and dimensions.
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(¢) Dimensional sketch of complete model.

Figure 1.- Continued.
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Figure 2.- I.ift, drag, and pltching-moment characteristics with the canasrd on at comstant
i deflection angles and with the canard off,
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Flgure 2,~ Contloued.
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Figure 2.~ Concluded.
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Figure 3,- Variation of canard normal-force and hinge-moment coefficlents
as a function of angle of attack at constant deflection angles.
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Figure 3.- Continued.
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Figure L.- Variation of maximum lift-drag ratios, lift-curve slope,
minimum drag coefficlents, and aerodynaniic centers as a function of

Mach number with the canard on and off.

date obtained from ref. 1.)

(Mach number 0.70 to 2.22



NACA RM AS8C05 + 55

-.Ol
[o= S
C1g 0 o
==
.01
T
"'-OL" e
o " 4 |
Cy o 0 :
Kol
QO BVWC 3=0°
-02 DBVW — O
OBWC s0° [ 7
8:\ ABW
~—— BVWC o °
.01 \%}s,@_ . ngw 5=0 ]—B==0
g
Cns 0 : 1PV
O S
"-Ol
¢, deg
(2) M = 2.58

Figure 5.- The effect of configuration change on the lateral-directional
gtability characteristics as a function of angle of atbtack at constant
sldeslip angles.
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Figure 6.- The effect of canard deflection on the lateral-directional
characteristics wilth the vertical tail on and off as a function of
angle of attack at constant sideslip angles.
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Figure 7.- Variation of ACy /B, ACy/B, ACn /B as a function of Mach

number st constant angle of attack with the canard on and off, and
» with the vertical teil on.



Figure 7.- Concluded.
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